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REVIEW ARTICLE 



Efficacy and tolerability of venlafaxine compared 
with selective serotonin reuptake inhibitors and 
other antidepressants: a meta-analysis* 

DAVID SMITH, CARRIE DEMPSTER, JULIE GLANVILLE. NICK FREEMANTLE 
and IAN ANDERSON 



Background In individual studies and 
limited meta-analyses venlafaxine has 
been reported to be more effective than 
comparator antidepressants, particularly 
selective serotonin reuptake inhibitors 
(SSRIs). 

Aims To perform a systematic review of 
all such studies. 

Method We conducted a systematic 
review of double-blind, randomised trials 
comparing venlafaxine with alternative 
antidepressants in the treatment of 
depression. The primary outcome was the 
difference in final depression rating scale 
value, expressed as a standardised effect 
size. Secondary outcomes were response 
rate, remission rate and tolerability. 

Results A total of 32 randomised trials 
were included. Venlafaxine was more 
effective than other antidepressants 
(standardised effect size was -0.14, 95% 
CI -0.07 to -0.22). A similar significant 
advantage was found against SSRIs (20 
studies) but not tricyclic antidepressants 
(7 studies). 

Conclusions Venlafaxine has greater 
efficacy than SSRIs although there is 
uncertainty in comparison with other 
antidepressants. Further studies are 
required to determine the clinical 
importance of this finding. 

Declaration of interest The study 
was funded by Wyeth Laboratories. D.S. 
has received funding on another study 
from Wyeth Laboratories and N.F. and 
I. A. have received speaker's fees and 
honoraria in connection with this work. 



Depressive disorders are the second most 
important cause of disability in developed 
countries (Murray &c Lopez, 1997) but a 
substantial minority of depressed patients 
fail to respond to antidepressant treatment 
(Anderson et al, 2000). Although newer 
antidepressants have tolerability and safety 
benefits over older tricyclic antidepressants 
(TCAs), similar efficacy generally is 
reported (Edwards, 1992; Gross &c Huber, 
1999; Anderson, 2000; Geddes et al, 
2001). It is potentially of great clinical 
importance if an antidepressant were to be 
more effective than comparators, and 
understanding why may shed light on how 
antidepressants work. It has been proposed 
(Nelson et al, 1991; Seth et al, 1992; 
Heninger et al, 1996) that antidepressants 
with a dual action of inhibiting the re- 
uptake of both noradrenalin and serotonin 
(5-hydroxytryptamine, 5-HT) may be more 
effective than drugs acting on a single 
monoamine (e.g. selective serotonin re- 
uptake inhibitors, SSRIs). Venlafaxine is 
the first drug to be marketed that inhibits 
both noradrenalin and 5-HT reuptake 
without actions at other receptors 
(Holliday & Benfield, 1995). We present 
a systematic review investigating the rela- 
tive efficacy and tolerability of venlafaxine 
compared with other antidepressants. 

METHOD 



Relevant trials were identified from our 
existing database (Eccles et al, 2000) and 
from systematic searches of electronic 
databases. The search terms were 



♦The Editor, Greg Wilkinson, is in receipt of a consultancy 
fee from Neurolink (sponsored by Wyeth) so took no 
part in, and was kept blind to, the assessment of this 
paper. After enquiries by Professor Wilkinson, neither 
the Editorial Board member who acted as Editor in 
respect of this paper, nor those assessors who took 
part in the peer-review process, declared any interest 
relevant to the publication ofthis paper. 



VENLAFAXINE, EFEXOR or EFFEXOR. 
Databases searched included Medline, 
Embase, Biosis, PsychLit, National 
Research Register, Healthstar, SIGLE, 
Cochrane Database of Systematic Reviews, 
DARE, Cochrane Controlled Trials Register 
and Current Controlled Trials. A total of 
2349 trials were identified from our elec- 
tronic search strategy. We carried out a 
manual search of reference lists of included 
studies and requested unpublished data 
from authors and study sponsors. 

Inclusion criteria 

Trials were included if they were double- 
blind, randomised studies comparing venla- 
faxine with an alternative antidepressant 
for the treatment of depression. The defini- 
tion of depression was intentionally broad 
and included explicit clinical or research 
criteria for major depression (such as 
DSM-TV; American Psychiatric Association, 
1994) or if the clinician considered the 
patient to be depressed and eligible for 
antidepressant treatment. Two of the 
researchers (D.S. and CD.) made an inde- 
pendent assessment of each potentially 
eligible study and disagreements were 
resolved through discussion within the 



Data abstraction 

Design characteristics and quality assessment 
We abstracted data on the inclusion and 
exclusion criteria for each study, the dose 
and regimen of venlafaxine and alternative 
antidepressants, the adequacy of randomis- 
ation and concealment of allocation (as 
reported in the paper), number of patients 
randomised, loss to follow-up, form of 
analysis (completer analysis or last obser- 
vation carried forward), relevant clinical 
outcomes reported, age and gender of 
participants and length of follow-up. 
When specific variables were not reported 
within a given trial, the authors of the 
paper were contacted to obtain the missing 
data. If this was unsuccessful, we contacted 
the sponsors. Data were abstracted on all 
available patients randomised in the trials 
and patients were analysed on the basis of 
initial random allocation to treatment 
group (intention to treat) whenever 
possible. 

Clinical outcomes 

The primary outcome was the mean depres- 
sion severity measure assessed by the final 
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(end of trial) Hamilton Rating Scale for 
Depression (HRSD; Hamilton, I960), the 
Montgomery and Asberg Depression 
Rating Scale (Montgomery & Asberg, 
1979) or the Clinical Global Impression 
(Guy, 1976), with preference given in that 
order if more than one scale was reported. 
Secondary outcome variables were response 
rate (typically 50% or greater drop in 
depression rating scale from baseline) and 
remission rate (depression rating scale 
below a certain score, e.g. HRSD <8). 
Data on tolerability were abstracted by 
collecting 'all cause' withdrawals from each 
treatment group and also the attributed 
reason for withdrawal from therapy (lack 
of efficacy and adverse effects). 

Statistical analysis 

The primary efficacy outcome was the 
pooled standardised difference in mean 
treatment effect. For this measure, stand- 
ardised effect sizes (difference in final rating 
scale means divided by the within-study 
standard deviation) were estimated from 
the efficacy data for each treatment group. 
Where an estimate of study variance was 
not available, this was imputed by taking 
the average for the studies using the 
same outcome measure. Secondary binary 
outcomes of response and remission, as 
well as tolerability data, were calculated 
as the odds ratio and absolute risk 
difference. 

A simulation method was used to 
estimate pooled treatment effects using 
Gibbs sampling in BUGS software (Smith 
et al, 1995; Freemantle et al, 1999). This 
method is analogous to standard methods 
but does not require large sample assump- 
tions, making it superior in meta-analysis 
where these assumptions frequently are 
not met. It has the additional advantage 
that the predictive value of different 
factors, such as patient severity or dose, 
may be examined using meta-regression 
approaches (Freemantle et al, 1999). 
Absolute risk differences were calculated 
using standard methods (DerSimonian Sc 
Laird, 1986) and interpreted as 'number 
needed to treat' (NNT). Negative NNTs 
are often described as 'number needed to 

Fixed effects approaches to meta-analysis 
assume that each trial contributes an 
estimate of a constant population effect 
for a treatment, whereas random effects 
approaches assume that there is no single 
population effect but a distribution (range) 



Table 2 Effect size analysis 



Class Comparator 


Effect size 


95% CI Study 


TCA Amitriptyline 


0.26 


010 to 063 Gentil eto/ 2000 


Pooled amitriptyline 


0.26 


-0.IOtoO.63 


Clomipramine 


0.05 


-0.32to0.42 Smeraldieto/, 1998 


Clomipramine 


-0.11 




Pooled domipramine-0.03 


-0.29 to 0.24 


Dothiepin 


-0.02 


-0.44to0.4 Mahapatraft Hackett, 1997 


Dothiepin 


-0.18 


- 0.71 to 0.36 Stanley et al, 1 998 


Pooled dothiepin 


-0.08 


-0.40 to 0.24 


imipramine 


-0.4 


-0.64to-O.I6 Shrivastavaeto/, 1994 


Imipramine 


-0.32 


-0.65to0.02 Schweizer eta/, 1994 


Pooled imipramine 


-0.38 


-0.57 to -0.19 


Pooled TCA 


-0.13 


-0.33 to 0.09 


SSRI Fluoxetine 


-0.02 


C 

- 0.22 to 0. 9 osta& iva, 


Fluoxetine 


0.18 


— 0.07 to 0.43 Tylee et o/, 1 997 


Fluoxetine 


-0.18 


— 0.40to0.04 Diericketa/, 1996 


Fluoxetine 


-0.14 


-0.37to0.09 Rudolph eta/, 1998 


Fluoxetine 


-0.12 


-0.37 to 0.14 Silverstone & Ravindran, 1999 




-0.48 


- 0.76 to - 0.2 Schatzberg & Cantillon, 2000 


Fluoxetine 


-0.21 


—0.49 to 0.07 Rudolph & Feiger, 1999 


Fluoxetine 


-0.22 


- 0.50 to 0.06 Unpublished data 1 


Fluoxetine 


0.02 


- 0.30 to 0.35 Unpublished data 2 


Fluoxetine 




-0.85to-0.IS Geerts eto/, 1999 




-0.08 


-0.46 to 0.3 Tzanakaki eto/, 2000 


Fluoxetine 


-0.34 


-0.77to0.l Alves eto/, 1999 


Fluoxetine 


-0.S8 


-1.06 to -0.09 Clerc eto/, 1994 


Pooled fluoxetine 


-0.14 


-0.22 to -0.06 


Fluvoxamine 




- 0.23 to 1 .34 Zanardi et al, 2000 


Pooled fluvoxamine 




-0.23 to 1.34 


Paroxetine 


-0.1 


-0.31 toO.I2 McParthneta/, 1998 






-0.73to-ai9 Sainas, 7 


Paroxetine 


-0.07 




Paroxetine 


-0.07 


_ 050t°037 Ballet ( 2000 


Pooled paroxetine 


-0.19 


-0.34 to -0.05 


Sertraline 


-0.31 


-0.67 to 0.06 Mehtoneneto/,2000 


Pooled sertraline 


-0.31 




Pooled SSRI 


-0.17 


-0.27 to -0.08 


Other Mirtazapine 


0.23 


0.55 to -0.09 Guelfi.1999 


Pooled mirtazapine 


0.23 


0.55 to -0.09 




-0.11 


-0.44to0.23 Cunningham eto/, 1994 


Trazodone 


-0.37 


-0.74to0.0l Smeraldieto/, 1998 


Pooled trazodone 


-0.23 


-0.47 to 0.02 


Pooled 'other drug' 


-0.09 


-0.42 to 0.23 


Overall pooled 


-0.14 


-0.22 to -0.07 



TCA, tricyclic antidepressant; SSRI, selective serotonin reuptake inhibitor. 

1. Unpublished data: Nemeroff, C & Amchin, J. (1998) Placebo-controlled trial of the efficacy and tolerability of 
venlafaxine and fluoxetine in outpatients with major depression (abstract P.1.066). Ilth European Congress of 

2. Unpublished data: Kornaat, H. (1998) Randomised, double-blind comparison of venlafaxine and fluoxetine 
for moderately depressed outpatients (abstract PM0202I). XXIth Congress of the Collegium Internationale 



398 



Pooled fluvoxamine 
Pooled paroxetine 



Pooled trazodone 
Pooled 'other drug' 



i r~ 



i r 



Fig. I Ploc of pooled efficacy of v 
size (difference in final rating scale 
falling to the left of the line of no e 



lafaxine compared with other antidepressants. The bars show th( 
>re divided by pooled final standard deviation) and the 95% CI. Re 
ct (zero) indicate an advantage to venlafaxine. 



Pooled TCA 
Pooled fluoxetine 
Pooled fluvoxamine 
Pooled pi 



Pooled trazodone 



no 



HE 



Fig. 2 Plot of pooled response rate to venlafaxine compared with other antidepressants. The bars show 
the odds ratio and the 95% CI. Results falling to the right of the line of no effect (I) indicate an advantage to 



of effects. Random effects models were 
used where venlafaxine was compared with 
a variety of agents (e.g. in comparison with 
SSRIs) but fixed effects models were 
used where venlafaxine was compared with 
individual agents. 

Meta-regression was used to examine 
the predictive value of potentially import- 
ant explanatory factors on the primary effi- 
cacy outcome measure (Freemantle et al, 
1999). This hierarchical approach to data 
modelling enables examination of the effect 
of trial characteristics while preserving the 
structure of individual trials. The factors 
that we identified a priori were: size of trial; 
in-patient v. out-patieilt status; design 
criteria (last observation carried forward 
v. completer analysis). The analysis on size 
of trial is a particularly helpful method of 
identifying potential publication bias and 
is analogous to using a funnel plot. Other 
factors also investigated were age and 
gender, comparator drug class, length of 
follow-up, rating scale used (e.g. HRSD or 
Montgomery and Asberg Depression 
Rating Scale), dose of venlafaxine and if 
the variance was imputed. 

RESULTS 

Included trials 

A total of 32 studies met the inclusion 
criteria (Table 1), with comparisons of 
venlafaxine with TCAs (clomipramine, 
imipramine, dothiepin (dosulepin) and ami- 
triptyline), SSRIs (fluoxetine, fluvoxamine, 
paroxetine and sertraline) and other drugs 
(trazodone and mirtazapine). There were 
5562 patients in total 1 : 3844 in the twenty 
trials comparing venlafaxine with SSRIs 
(SSRI «=1857); 1356 in the nine trials 
comparing venlafaxine with TCAs (TCA 
n=579); and 418 in the three trials compar- 
ing venlafaxine with other drugs (other 
«=212). The average trial size was 179 
patients (range 28-382). The average 
length of follow-up was 10 weeks (range 
4-48). Most trials used the last 
observation carried forward for the 
primary analysis (see Table 1). For three 
of the trials, we imputed the measure of 
variance because the data were not 



As a quality criterion, and a rule of thumb, we cite the 
total number of patients in the trials, rather than the 
comparisons included, because there is good empirical 
evidence that the quality of studies is affected directly by 
the overall size. 



available and could not be obtained from 
the authors or sponsors. None of the 
trials indicated whether concealment of 
allocation was conducted appropriately. 



Primary outcome 

There were 29 comparisons in the effect 
size analysis of clinical efficacy (Table 2). 
The overall effect size estimate was -0.14 
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(95% CI -0.22 to -0.07) in favour of 
venlafaxine. The size of effect (given a 
pooled standard deviation of 8.3) is 
equivalent to the final HRSD score, being 
about 1.2 points lower on venlafaxine. 
For the SSRIs, the effect size estimate was 
-0.17 (95% CI -0.27 to -0.08). Effect 
sizes for the TCAs and the 'other drug' 
categories were similar but not significantly 
different from venlafaxine (Table 2, Fig. 1). 

The results appeared consistent across 
the SSRIs but there were differences 
between the TCA studies, notably imi- 
pramine: the effect size was -0.38 (95% 
CI -0.57 to -0.19), favouring venla- 
faxine, whereas there was no benefit in 
studies against other TCAs (Table 2, 
Fig. 1). 

Response rates 

Table 3 shows the estimated response rates. 
The overall odds ratio for response was 
1.27 (95% CI 1.07-1.52). The risk 
difference was 0.05 (95% CI 0.02-0.09), 
with an NNT of 19 (95% CI 11-63). 
The pooled results for different drug 
classes were similar to this overall effect 
(Fig. 2). 



Table 3 Response analysis 



Table 4 and Fig. 3 display the pooled remis- 
sion results. The overall odds ratio for 
remission rate was 1.36 (95% CI 1.14- 
1.61), favouring venlafaxine. The overall 
risk difference was 0.07 (95% CI 0.03- 
0.11), giving an NNT of 14 (95% CI 9-29). 

Remission rates were measured in only 
18 of the trials and, of these, 16 used an 
SSRI agent as the comparator. The result 
for the pooled SSRI comparison was similar 
to the overall effect. 

None of the factors that were hypothe- 
sised to influence the estimate of primary 
outcome were significantly predictive of 
greater efficacy in meta-regression analyses 
(analysis not shown). 

Meta-regression analysis and visual 
inspection of funnel plots provided no evi- 
dence of publication bias, although did 
not exclude the possibility of the existence 
of such bias. 

Treatment discontinuation 

Table 5 shows an analysis of drop-outs by 
reason and comparator drug class. The 
overall risk difference of -0.004 (95% CI 
-0.029 to 0.020) indicates that there are 
0.4% fewer drop-outs overall in the 



Class Comparator 


Odds ratio 


95% CI 


Study 


TCA Amhxiptyline 


1.02 


0.4-2.62 


Gentileto/,2000 


Pooled amrtriptyline 


1.02 


0.4-2.62 




Clomipramine 






Smeraldi etal, 1998 


Clomipramine 


1.92 


0.8-4.64 


Samuelian & Hackett, 1998 


Pooled clomipramine 


1.02 


0.57-1.83 










Mahapatra& Hackett, 1997 


Pooled dothiepin 


1 04 


041-263 






1 72 


1 04-2 87 


Shrivastava et a/, 1994 


Im^ramine 


076 


0 39-147 


Benkert etal, 1996 


Imi ramine 


255 


1 1-6 14 


Lecrubiereto/, 1997 


Imloramine 


2.18 


0.79-6.14 


Schweizer etal, 1994 


Pooled imi- ramine 
rooieu imipramine 








Pooled TCA 


1.29 


0.89-1.85 




SSRI Fluoxetine 


0.99 


0.55-1.78 


Costa &Silva, 1998 


Fluoxetine 


0.82 


0.47-1.43 


Tylee etal, 1997 


Fluoxetine 


0.54 


0.33-0.87 


Dierick etal, 1996 


Fluoxetine 


1.59 


0.96-2.61 


Rudolph etal, 1998 


Fluoxetine 


1.29 


0.74-2.27 


Silverstone & Ravindran, 1999 


Fluoxetine 


1.42 


0.79-2.56 


Schatzberg&Cantillon,2000 


Fluoxetine 


1.32 


0.73-2.39 


Rudolph &Feiger, 1999 


Fluoxetine 


0.97 


0.47-1.97 


Unpublished data 1 


Fluoxetine 


2.63 


1.2-5.82 


Geerts etal, 1999 


Fluoxetine 


1.44 


0.6-3.5 


Tzanakaki etal, 2000 


Fluoxetine 


2.26 


0.64-9.05 


Alveseto/, 1999 


Fluoxetine 


2.67 


0.86-8.45 


Clercetol, 1994 


Pooled fluoxetine 


1.17 


0.99-1.38 




Fluvoxamine 


1.41 


0.51-3.82 


Unpublished data 2 


Pooled fluvoxamine 


1.41 


0.51-3.82 




Paroxetine 


1.0 1 




McPartlineto/, 1998 


Paroxetine 


1.49 


0.68-3.29 


Poirier & Boyer, 1999 








Ballus etal, 2000 


Pooled paroxetine 


1.14 


0.78-1.67 




Sertraline 


2.27 


0.88-6.08 


Mehtonen etal, 2000 


Pooled sertraline 








Pooled SSRI 








Other Mirtazapine 


0.65 


0.33-1.31 


Guelfi, 1999 


Pooled mirtazapine 


0.65 


0.33-1.31 






1.7 


0.78-3.75 


Cunningham etal, 1994 




2.06 


0.89-4.78 


Smeraldi etal, 1998 


Pooled trazodone 


1.88 


I.II-3.I7 






1.28 


0.43-^.31 




Overall pooled 


1.27 


1.07-1.52 





e and fluoxetine for 



venlafaxine group, and the difference is 
not statistically or clinically significant. 
The only statistically significant drop-out 
comparison exists for drop-outs due to 



side-effects compared with the 'other drug' 
category, where there is a risk difference 
of 0.221 (95% CI 0.065-0.376), giving 
an NNT of 5 (95% CI 3-15) in favour of 
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other drugs. However, because the overall 
difference in drop-out is equivalent, this 
result is countered by drop-out for all other 



DISCUSSION 

This meta-analysis provides evidence that 
in the treatment of depressive disorders 
all antidepressants are not equal. Pooling 
data from all currently available studies re- 
veals that venlafaxine carries an advantage 
of about 1.2 HRSD points over other anti- 
depressants. The majority of comparisons 
were with SSRIs, where the effect 
appeared consistent across the different 
drugs. In contrast, it is less clear that the 
advantage is consistent across other anti- 
depressants such as TCAs, where imi- 
pramine is the only individual drug that 
clearly demonstrates lesser efficacy. This 
does not, however, reduce the importance 
of the findings for the primary outcome 
measure - venlafaxine v. any other anti- 



depression - in which a clear advantage 
was identified. 

The results are of probable clinical sig- 
nificance, with an NNT of 19 (95% CI 
11-63) for response and 14 (95% CI 9- 
29) for remission. The two data-sets do 
not include all of the same studies and are 
not as comprehensive as the data used 
in primary analysis of effect sizes, so the 
absolute figures must be viewed as 
approximate. However, this magnitude of 
advantage for venlafaxine over other anti- 
depressants is potentially of considerable 
importance, given the often prolonged or 
even chronic nature of depressive episodes. 
It is increasingly recognised that improve- 



Class Comparator 


Odds ratio 


95% CI 


Study 


TCA Amitriptyline 


1.03 


0.46-2.32 


Gentil eto/, 2000 


Pooled amitriptyline 


1.03 


0.46-2.32 




Pooled TCA 


1.03 


0.46-2.32 




SSRI Fluoxetine 


I.IS 


0.52-2.57 


Costa &Silva, 1998 


Fluoxetine 


1.06 


0.61-1.85 


Tyleeeto/, 1997 




1.49 


0.9-2.47 


Rudolph eta/, 1998 


Fluoxetill 


1.02 


0.6-1.75 


Silverstone & Ravindran, 1999 


Fluoxetine 


1.8 


0.97-3.35 


Schatzberg & Cantillon, 2000 


Fluoxetine 






Rudolph & Feiger, 1999 


Fluoxetine 


M3 


0.59-3.51 


Unpublished data 1 


Fluoxetine 


2.17 


1.02-4.62 


Geertsetc.*, !999 


Fluoxetine 




0.52-2.89 


Tzanakaki eta/, 2000 


Fluoxetine 


I.S 


0.57-3.92 


Alves eto/, 1999 


Pooled fluoxetine 


1.42 


1. 17-1.73 




Fluvoxamine 


0.36 


0.05-2.44 


Zanardi et al, 


Pooled fluvoxamine 


0.36 


0.05-2.44 




Paroxetine 






McPartlin et al, 1998 




159 


089 2 82 


Salinas, 1997 


Paroxetine 


2.68 


1.08-6.87 


Poirier&Boyer.l999 


Paroxetine 


1.47 


0.57-3.85 


Ballus eta/, 2000 


Pooled paroxetine 








Sertraline 


2.57 


1.15-5.82 


Mehtonen eto/, 2000 


Pooled sertraline 


2.57 


1.15-5.82 




Pooled SSRI 


1.43 


1.21— 1.71 




Other Mirtazapine 


0.69 


0.33-1.43 


Guelfi, 1999 


Pooled mirtazapine 


0.69 


0.33-1.43 




Pooled 'other drug' 


0.69 


0.33-1.43 




Overall pooled 


1.36 


1. 14-1.61 





often incomplete or partial so that remis- 
sion rates are relatively low (Ferrier, 
1999) and only 42% of patients in the 
studies that we included achieved remission 
by the end of the study. Patients who fail to 
reach remission have significantly greater 
continuing morbidity and higher relapse 
rates than those who do experience remis- 
sion (Cornwall 8c Scott, 1997). If only 
one extra person reaches remission when 
treated with venlafaxine instead of an SSRI 
for every 14 patients treated, then this is a 
potentially important health benefit. It 
suggests that even if not used first line, 
venlafaxine should be considered for 



Pooled TCA 
Pooled fluoxetine 
Pooled flu 



Pooled sertraline 
Pooled SSRI 
Pooled mirtazapine 
Pooled 'other drug' 
Overall pooled 



1 


1 1 


1 


1 1 






1 1 


1 






i i 


5) 


1 1 


1 


1 1 


1 




m 



jn venlafaxine compared with other an 
falling to the right of the line of no effe 
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Table S Drop-out analysis by ca> 



Risk difference (venlafaxine Lower CL Upper CL NNT 1 Lower CL Upper CL 
minus comparator) 

Ail causes 

All drugs -0.004 -0.029 0.020 - 224 - 34 49 

SSRI 0.002 - 0.025 0.029 494 -40 34 

TCA -0.028 -0.089 0.033 - 36 -II 30 

Otherdrug -0.080 -0.196 0.035 -12 -5 28 

Unsatisfactory response 

All drugs -0.006 -0.016 0.004 -159 - 62 275 

SSRI -0.008 -0.019 0.003 -123 - 52 350 

TCA 0.003 -0.020 0.026 341 -50 39 

Otherdrug -0.032 -0.123 0.0S9 -3! -8 !7 

Side-effects 

All drugs 0.010 -0.007 0.026 105 -141 38 

SSRI 0.017 - 0.006 0.040 60 -161 25 

TCA -0.025 -0.070 0.020 -40 -14 51 

Otherdrug 0.221 0.065 0.376 5 IS 3 



CL, confidence limit; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant. 

I. A negative number needed to treat (NNT) represents the number of people that, when treated with venlafaxine, will lead to one fewer expected drop-outs v. the comparator (e.g. 
for all drugs and all causes of drop-out, it is expected that for every 224 people treated with venlafaxine there will be one fewer drop-outs compared with other therapies). A positive 
NNT represents the number of people that, when treated with venlafaxine, will lead to one more expected drop-out v. the comparator (e.g. for SSRI, all causes, it is expected that 
when 494 people are treated with venlafaxine, there will be one more drop-out in the venlafaxine-treated patients). 



patients having an inadequate response to 
other antidepressants. 

Our study confirms the more limited 
meta-analysis recently reported by Thase 
et al (2001), which only included a small 
subset (eight) of studies against SSRIs and 
therefore cannot be considered systematic. 
It only assessed efficacy using remission 
rates with an odds ratio of 1.5 (95% CI 
1.3-1.9) in favour of venlafaxine. The 
NNT was not calculated formally but 
appears to be about 10 from the difference 
in remission rates (45% v. 35%); this is a 
greater advantage to venlafaxine than we 
found with a larger data-set. 

Our analysis of the tolerability of 
venlafaxine as measured by total treatment 
drop-outs and those due to side-effects did 
not suggest that greater efficacy was offset 
by poorer tolerability overall or against 
SSRIs or TCAs. More patients dropped 
out of treatment owing to side-effects on 
venlafaxine than trazodone or mirtazapine, 
suggesting poorer tolerability than these 
drugs, but the small number of studies 
makes it difficult to draw conclusions. 



Mechanism underlying 
venlafaxine's greater efficacy 

We have reported previously being un- 
able to identify a relationship between 
pharmacology and efficacy using a 



meta-regression analysis of a variety of 

mantle et al, 2000). There were, however, 
considerable problems in that analysis, 
relating to being able to identify accurately 
the acute pharmacology of many anti- 
depressants in vivo. In this study some of 
these problems are overcome through using 
a single agent and it appears that the most 
plausible mechanism by which venlafaxine 
may exert increased efficacy in comparison 
with SSRIs is its ability to inhibit not 
only 5-HT reuptake but also the reuptake 
of noradrenalin (Holliday 8c Benfield, 
1995). Whether this is the mechanism 
in the case of venlafaxine has yet to be 
confirmed, however. The profile of its bind- 
ing to human monoamine transporters 
suggests a weak affinity for the noradrena- 
lin transporter compared with the 5-HT 
transporter (Owens et al, 1997; Tatsumi 
et al, 1997). At lower doses, venlafaxine 
appears to act as an SSRI and it is unclear 
at what dose significant noradrenalin 
effects occur. Preliminary evidence suggests 
that, at least outside the brain, this is 
somewhere between 75 and 225 mg, with 
one study suggesting that it may occur by 
150 mg (Abdelmawla et al, 1999). It is of 
interest that previous meta-analyses have 
suggested superior efficacy for amitriptyline 
against other antidepressants, particularly 
SSRIs (Anderson, 2000; Barbui & Hotopf, 



2001), which adds some support to dual 
action conferring greater efficacy than 
occurs when blocking the reuptake of a 
single transmitter. 

We did not find an effect of dose on the 
size of the advantage to venlafaxine over 
SSRIs, raising some question as to the 
mechanism underlying its greater efficacy. 
However, the studies in this meta-analysis 
were not designed to detect dose-response 
effects, most employing flexible dosing. 
The lack of an association between efficacy 
and a venlafaxine dose below or above 
150 mg is probably against a strong linear 
dose-response over the range used but 
cannot rule out a non-linear relationship. 
Two fixed-dose studies of venlafaxine 
against placebo have suggested a dose- 
response over the range 60-225 mg 
(Kelsey, 1996; Rudolph et al, 1998), but 
the differentiation between doses has not 
been statistically significant and the dose 
at which any possible greater efficacy may 
arise is not clear. 



Methodological considerations 

The major methodological challenge to all 
systematic overviews is publication bias - 
the selective availability of trials with posi- 
tive results. The comprehensive search 
strategies used to identify trials, the 
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systematic attempts to identify unpublished 
trials and unpublished data and examin- 
ation of the distribution of the results from 
included trials all mediate against the 
importance of this threat to the validity of 
the results of this overview. However, it 
has to be acknowledged that the majority 
of studies were sponsored by the company 
that markets venlafaxine and sponsorship 
has been suggested as a potential factor 
influencing the outcome of the trials 
(Stewart & Parmar, 1996; Freemantle et 
al, 2000). 

Although over 5000 patients were in- 
cluded in the trials identified for this 
meta-analysis, this number is small against 
other clinical areas where this number of 
patients commonly may be included in a 
single trial. Further randomised trials, in- 
cluding those of a naturalistic design, invol- 
ving larger numbers of patients in different 
clinical settings (particularly primary care, 
where the majority of treatment for major 
depressive disorder is conducted) are 
required to find out how generalisable this 
result is to different settings and whether 
venlafaxine has increased effectiveness in 
usual clinical practice. 
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CLINICAL IMPLICATIONS 



■ The findings from this systematic review and meta-analysis provide some 
confidence that venlafaxine is more effective than selective serotonin reuptake 
inhibitors (SSRIs) with comparable tolerability. 

■ The size of this advantage is of probable clinical importance when the prolonged or 
chronic nature of depression is taken into account. 

■ Venlafaxine should be considered for patients in whom efficacy needs to be 
maximised and in those failing to respond to an SSRI. 

LIMITATIONS 

■ Apart from the comparison with fluoxetine, there are insufficient comparisons 
between venlafaxine and individual SSRIs and other antidepressants to draw strong 
conclusions with regard to specific comparisons. 

■ Meta-analysis is dependent on the quality of individual studies included in the 

■ Drop-outs are a relatively crude proxy for tolerability. 
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Remission rates during treatment with venlafaxine 
or selective serotonin reuptake inhibitors 

MICHAEL E.THASE, A. RICHARD ENTSUAH and RICHARD L. RUDOLPH 



Background It had been suggested 
thatthe antidepressant venlafaxine, which 
inhibits reuptake of both serotonin and 
(at higher doses) noradrenaline, may result 
in better outcomes than treatment with 
selective serotonin reuptake inhibitors 
(SSRIs). 

Aims To compare remission rates 
during treatment with SSRIs or 
venlafaxine. 

Method Data from eight comparable 
randomised, double-blind studies of major 
depressive disorder were pooled to 
compare remission rates (Hamilton Rating 
Scale for Depression score <7) during 
treatment with venlafaxine (n=85l), SSRIs 
(fluoxetine, paroxetine, fluvoxamine; 
n=748) or placebo (four studies; n=446). 

Results Remission rates were: 
venlafaxine, 45% (382/851); SSRIs, 35% 
(260/748); placebo, 25% (110/446) 
(P<0.00l ; odds ratio for remission is 1.50 
(1.3-1.9), favouring venlafaxine v. SSRIs). 
The difference between venlafaxine and 
the SSRIs was significant at week 2, 
whereas the difference between SSRIs 
and placebo reached significance at week 
4. Results were not dependent on any one 
study or the definition of remission. 

Conclusions Remission rates were 
significantly higher with venlafaxine than 
with an SSRI. 

Declaration of interest MET. is a 
paid consultant to Wyeth-Ayerst 
Laboratories, the employer of A.R.E. and 
R.L.R. 



The more commonly used measure of 
antidepressant efficacy in clinical trials has 
been a 50% reduction from baseline total 
scores on the Hamilton Rating Scale for 
Depression (HRSD) (Prien et al, 1991; 
Depression Guideline Panel, 1993). A more 
stringent measure of antidepressant efficacy 
is the ability to induce remission, a clinical 
state characterised by minimal residual 
symptoms (e.g. 17-item HRSD total scores 
of =£7; Frank et al, 1991). Patients treated 
to full remission are less likely to relapse 
(Thase et al, 1992; Fava et al, 1996) and 
have more normal psychosocial and voca- 
tional functioning (Miller etal, 1998) when 
compared with incompletely remitted 
patients. This report presents the results of 
a pooled analysis of remission rates 
comparing venlafaxine and three selective 
serotonin reuptake inhibitors (SSRIs): 
fluoxetine, paroxetine and fluvoxamine. It 
includes original data from 2045 patients 
with depression, drawn from eight related 
randomised controlled trials. We under- 
took this analysis to test the hypothesis 
that patients treated with venlafaxine, a 
serotonin-noradrenaline reuptake inhibitor 
(SNRI) (Muth etal, 1986), are significantly 
more likely to achieve remission than those 
treated with SSRIs. 



METHOD 



This analysis included data from the 
patients with depression who participated 
in the eight double-blind, randomised clin- 
ical trials comparing venlafaxine and SSRIs 
conducted by the Clinical Research and 
Development department at Wyeth-Ayerst 
Laboratories during the development of 
the immediate-release (IR) and extended- 
release (XR) formulations of venlafaxine. 
Results from four of these studies have 
been published (Clerc et al, 1994; Dierick 
et al, 1996; Silverstone et al, 1998; 
Rudolph & Feiger, 1999). Results from 
two studies have been presented as posters 



and published in abstract form (Salinas et 
al, 1997; Rudolph et al, 1998a). The 
remaining two studies are unpublished 
(Studies 347 and 349; data on file, 
Wyeth-Ayerst Laboratories, Philadelphia, 
PA). The doses employed were: venlafaxine 
IR, 75-375 mg/day; venlafaxine XR, 75- 
225 mg/day; fluoxetine, 20-80 mg/day; 
paroxetine, 20-40 mg/day; and fluvoxa- 
mine, 100-200 mg/day. Four studies in- 
cluded a placebo control group (Salinas et 
al, 1997; Rudolph etal, 1998a; Silverstone 
etal, 1998; Rudolph & Feiger, 1999). Each 
study was approved by the ethics com- 
mittees of the participating sites and 
conducted according to the guidelines of 
the Declaration of Helsinki and its amend- 
ments. All patients provided written in- 
formed consent. Table 1 summarises the 
study characteristics. 

Patients 

Patients could be enrolled if they were at 
least 18 years old and met the criteria of 
the Diagnostic and Statistical Manual of 
Mental Disorders (DSM; American Psychi- 
atric Association, 1987, 1994) for major 
depression (DSM-III-R) or major depres- 
sive disorder (DSM-IV) for at least 1 
month. There were 68 in-patients (one 
study, Clerc et al, 1994) and 1977 out- 
patients; all patients had minimum scores 
of either 20 on the HRSD 2I (Hamilton, 
1960) or 25 on the Montgomery- 
Asberg Depression Rating Scale (MADRS; 
Montgomery Sc Asberg, 1979) at both 
pre-study and baseline (study day —1), 
with no greater than a 20% decrease in 
severity between pre-study and baseline 
evaluations. 

Patients with clinically significant cardio- 
vascular, renal or hepatic disease, seizure 
disorders, a recent history of alcohol or 
drug misuse or clinically significant ab- 
normalities on baseline physical exam- 
ination, electrocardiogram (ECG) or 
laboratory tests were excluded from par- 
ticipation. Patients who were hypersensitive 
to the study drugs or had used any investi- 
gational or antipsychotic drug within 30 
days, a monoamine oxidase inhibitor 
within 14 days or other antidepressant, 
anxiolytic, sedative-hypnotic or non- 
psychopharmacological drugs with psycho- 
tropic effects within 7 days of double-blind 
treatment also were excluded. Chloral 
hydrate (maximum 2000 mg) or temaze- 
pam (20 mg; one study) were permitted 
as hypnotics. Table 2 summarises the 



Table I Studies pooled for analysis of the Hamilton Rating Scale for Depression remission (p=8) 



Study 


Treatment 


Dosage range (mean) 


Number of patients per study: all Treal 
patients (n=2l I7)/ITT (n=2045) 


(weeks) 


Rudolph & Feiger, 1999 (Study 21 1) 


VenlafaxineXR 


75-225 mg/day(l7S) 


100/95 


8 




Fluoxetine 


20-60 mg/day (47) 


103/103 






Placebo 




98/97 




Silverstone et o7, 1999 (Study 360) 


VenlafaxineXR 

Fluoxetine 

Placebo 


75-225 mg/day (141) 
20-60 mg/day (40) 


128/121 
121/114 
118/118 


8 2 


Salinas eta/, 1997 (Study 367) 


Venlafaxine XR 

Paroxetine 

Placebo 


75-150 mg/day (75/150)' 
20 mg/day (20) 


165/161 
81/80 
83/82 


8 


Rudolph etai, 1998a (Study 372) 


Venlafaxine IR 


75-375 mg/day (3iS) 


iS6/i44 


6 




Fluoxetine 


20-80 mg/day (NA) 


152/146 




Clerceto/, 1994 (Study 340) 


Venlafaxine IR 


100-200 mg/day (199) 


34/33 


6 




Fluoxetine 


20-40 mg/day (NA) 


34/34 




Study 347 3 


Venlafaxine IR 


75-150 mg/day (NA) 


77/77 






Fluvoxamine 


100-200 mg/day (NA) 


34/34 




Dierick eto/, 1996 (Study 348) 


Venlafaxine IR 


75-150 mg/day (112) 


153/145 


8 




Fluoxetine 


20 mg/day 


161/157 




Study 349 s 


Venlafaxine IR 
Paroxetine 


75-150 mg/day (NA) 
20-40 mg/day (NA) 


82/75 
85/80 


8 



1. This study employed 75 and ISO mg fixed doses of venlafaxine XR. 

2. This study lasted 12 weeks but results are presented at week 8 for consistency. 

3. Unpublished data on file, Wyeth-Ayerst Research. Philadelphia, PA. 

IR, immediate-release formula; ITT. intent-to-treat patients; XR, extended-release formulation. 



Table 2 Baseline characteristics of intent-to-tr 



t patients (pooled sti 



Characteristic 


Venlafaxine 


SSRI 


Placebo 




(n=85l) 


(n=748) 


(n=446) 


Mean age, years (s.d.) 


42(12) 


42(13) 


41(11) 


Women/men, % 


65/35 


64/36 


62/38 


Mean (s.d.) HRSD 2I total score 


26(5) 


26(4) 


26(4) 


Mean (s.d.) MADRS total score 


31(5) 


31(5) 


30(5) 


CGI-Sscore>4(%) 


53 


53 


36' 



socio-demographic and pre-treatment clini- 
cal characteristics of the pooled study 
groups. 

Study drugs 

Patients were randomly assigned to treat- 
ment with venlafaxine («=865), an SSRI 
(fluoxetine, k=563; paroxetine, k=160; 
or fluvoxamine, »=34) or placebo (four 



studies only, «=450) during the double- 
blind treatment period at the daily dosages 
shown in Table 1. 



Efficacy and safety assessments 

The HRSD, MADRS and Clinical Global 
Impression - Severity of Illness (CGI-S) 
(National Institute of Mental Health, 
1985) were performed at study day -1, 



double-blind therapy. These 
:s (along with the CGI improvement 
d on study days 7, 14, 
21, 28, 42 and, if available, 56. Remission 
was defined as a total score of <7 on the 
first 17 items of the HRSD (Frank et al, 
1991). 

Safety and tolerability were evaluated 
on the basis of adverse events that were re- 
corded throughout the study evaluation 
period and changes that occurred in the 
physical examination, vital signs, 12-lead 
ECG recordings and clinical laboratory 
tests during treatment. For this report, only 
the proportions of patients withdrawn from 
double-blind therapy because of side-effects 
and lack of efficacy were compared. 



Statistical analyses 

The analyses w 
a modified intent-to-treat sample, which in- 
cluded all patients who received at least one 
dose of study medication and had at least 
one HRSD evaluation during therapy. Re- 
mission rates were calculated using the 
last-observation-carried-forward (LOCF) 




method, which allowed the inclusion of 
patients who were withdrawn early. Pair- 
wise comparisons of remission rates were 
made with Fisher's exact test. All tests of 
hypotheses were two-sided. Results of sta- 
tistical analyses were considered significant 
when P was <0.05. The 95% confidence 
intervals (CIs) for differences in remission 
rates between groups were calculated for 
the pooled data at each interval. The odds 
ratios for remission with a 95% CI (Roth- 
man, 1986) were also calculated for venla- 
faxine or an SSRI v. placebo and for 
venlafaxine v. the SSRJs. Homogeneity of 
the odds ratios across studies was tested 



with the Breslow-Day test (Breslow & 
Day, 1980). 

Analyses of various subgroups were 
performed to corroborate the overall 
findings, including studies using the 
extended-release or immediate-release 
formulations, active-controlled studies, 
placebo-controlled studies, the single in- 
patient study, the seven out-patient studies 
and studies utilising fluoxetine v. those 
using other SSRIs. Additional analyses 
compared alternative definitions of 
remission to ensure the robustness of the 
findings. The following additional defini- 
tions were examined: HRSD 21 < 7, HRSD 2I 



<8, HRSD 21 =£10, HRSD 17 ^10 plus 
CGI=1, MADRS <10, and 3*50% de- 
crease from baseline HRSD 2] scores. 
Finally, a sensitivity analysis was performed 
by removing each individual study from 
the pooled analysis, one at a time (Thase 
etal, 1997). 



RESULTS 



Among the 2117 patients enrolled, 2045 
(96.6%) were included in the intent-to-treat 
analyses of venlafaxine IR and venlafaxine 
XR («=851), the SSRIs («=748) and pla- 
cebo («=446). Results from one investiga- 
tional site (27 patients in total) were 
excluded prior to the analysis because the 
validity of the data could not be verified. 
The treatment groups had similar charac- 
teristics at baseline (see Table 2). However, 
patients enrolled in the four placebo- 
controlled studies were significantly less 
severely depressed than those enrolled in 
the other studies. 

Final remission rates were 45% for ven- 
lafaxine (382/851), 35% for the SSRIs 
(260/748) and 25% for placebo (110/ 
446). The differences for venlafaxine v. 
SSRIs, venlafaxine v. placebo and SSRIs v. 
placebo were highly statistically significant 
(P< 0.001 for all comparisons). 

Week-by-week comparisons are illu- 
strated in Fig. 1. Venlafaxine was statistically 
significantly more effective than the SSRIs 
from week 2 onwards and versus placebo 
from week 3 onwards. The SSRI group 
had a significantly higher remission rate 



Table 3 Remission rates (56) and odds ratios for comparison of intent-to-treat 17-item Hamilton Rating Scale for Depression (HRSD, 7 ) remission by treatment 1 



Study Remission rate (%) Odds ratio 

Venlafaxine SSRI Placebo Venlafaxine v. SSRI Venlafaxine v. placebo SSRI v. placebo 



Rudolph & Feiger, 1999 (Study 211) 


42 


23 


23 


2.4 


2.5 


1.0 


Silverstone etal, 1999 (Study 360) 


29 


28 


14 


I.I 


2.4 


2.3 


Salinas et al, 1997 (Study 367) 


49= 


36 


38 




1.6 


I.I 


Rudolph etal, 1998a (Study 372) 




34 


23 


1.5 


2.5 


1.7 


Clerc etal, 1994 (Study 340) 


55 


26 




3.5 






Study 347* 


51 


35 




1.9 






Dierick etal, 1996 (Study 348) 


52 


45 




1.3 






Study 349 2 


35 


35 




1.0 






Pooled data 


45 


35 


25 


I.S 


2.2 


1.4 



1. The remission rates reported here reflect the intent-to-treat. HRSD, 7 < 7 method used in this paper.The results may therefore differ from those reported in the source 
manuscripts. 

2. Unpublished data on file, Wyeth-Ayerst Research, Philadelphia, PA. 

3. The intent-to-treat remission rate on 75 mg/day of venlafaxine XR was 47% and on ISO mg/day it was 51%. 
SSRI, selective serotonin reuptake inhibitor. 
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XR IR Non-placebo Placebo In-patient Out-patient Fluoxetine Non-ftuoxetine 

studies studies studies studies study studies studies studies 



Study characteristic 

Fig. 2 Remission rates (HRSD, 7 score < 7; + 95% CI) in different study types: *P=0.0009 (XR studies), 
P=0.003 (immediate-release studies) and P=0.0003 (placebo studies) (white bar), venlafaxine (black bar) 
v. SSRI (grey bar); V <0.00l (XR studies) and P < 0.0001 (immediate-release studies, placebo studies), 
venlafaxine v. placebo (white bar); <P=0.028 (immediate-release studies, placebo studies), SSRI v. placebo; 
«P=0.055, venlafaxine v. SSRI; ^P=0.026 (in-patient study), venlafaxine v. SSRI; Hp=0.002 (out-patient studies), 
venlafaxine v. SSRI. HRSDp, 17-item Hamilton Rating Scale for Depression; XR, venlafaxine extended-release 
formulation; IR, venlafaxine immediate-release (conventional) formulation; SSRI, selective serotonin reuptake 




HRSD, 7 HRSDit HRSD 2) HRSD 2 , HRSD Z1 HRSD 2 , MADRS HRSD, 7 
<7 <10 <7 <8 <10 <50% <10 «10 



Definition of remission 

Fig. 3 Final on-therapy remission rates (mean, 95% CI) with different definitions of remission: *P < 0.00I, SSRI 
(grey bar) v. placebo (white bar); >P <0.00l, venlafaxine (black bar) v. SSRI; tp <0.00l, venlafaxine v. placebo; 
SP=0.023, venlafaxine v. SSRI; 1P=0.0I4, venlafaxine v. SSRI. HRSD, Hamilton Rating Scale for Depression; SSRI, 
selective serotonin reuptake inhibitor; MADRS, Montgomery-Asberg Depression Rating Scale; CGI, Clinical 
Global Impression scale. 



than the placebo group from week 4 
onwards. 

The results of the eight individual stu- 
dies are summarised in Table 3. Odds ra- 
tios for remission ranged from 1.0 to 3.5, 
with an overall odds ratio of 1.5 (95% 
CI 1.3-1.9). Thus, there was a 50% great- 
er chance of remission during venlafaxine 
treatment than during SSRI treatment. 
Testing for homogeneity of the odds ratios 
revealed no significant difference 
(* 2 =8.63, d.f.=7, P=0.28). The sensitivity 
analysis similarly found that the significant 
difference between venlafaxine and the 
SSRIs was not dependent on any one 

Figure 2 illustrates the results for 
various subgroup comparisons. The differ- 
ences between venlafaxine and the SSRIs 
were statistically significant for all but one 
of the subgroup analyses. The comparison 
of venlafaxine and SSRI that included only 
the four studies that were not placebo- 
controlled was not statistically significant 
(P=0.055). 

Figure 3 summarises the results accord- 
ing to multiple alternative outcome criteria. 
Regardless of the definition used, venlafax- 
ine was significantly more effective than the 
SSRIs, and the SSRIs were significantly 
more effective than placebo. 

In total, 83 (9%) patients were with- 
drawn from venlafaxine therapy because 
of side-effects, compared with 57 (7%) 
SSRI-treated patients and 10 (2%) patients 
given placebo (Fisher's exact test, P=0.001, 
venlafaxine v. placebo and SSRI v. placebo; 
the venlafaxine v. SSRI comparison was not 
significant, P=0.185). A total of 33/895 
(4%) of the venlafaxine-treated patients 
were withdrawn because of lack of efficacy, 
compared with 46/769 (6%) of patients gi- 
ven an SSRI and 63/453 (14%) of patients 
given placebo (Fisher's exact test, 
P=0.037, venlafaxine v. SSRI; P=0.001, 
venlafaxine v. placebo; P=0.001, SSRI v. 
placebo). 



DISCUSSION 

Are all antidepressants equally 
effective? 

It is often stated that the various different 
classes of antidepressant medication are 
equally effective (American Psychiatric 
Association, 1993; Depression Guideline 
Panel, 1993). However, the methods used 
to conduct randomised clinical trials render 
them relatively insensitive to possible 



differences between active antidepressants 
(Thase, 1999). Studies seldom compare 
groups larger than 120 patients, which does 
not afford the statistical power to detect 
modest but still clinically meaningful differ- 
ences. In addition, multi-site trials may 
have relatively lower statistical power be- 
cause of greater patient heterogeneity and 
lower reliability of diagnoses or dependent 



measures (Thase, 1999). Moreover, the 
composition of study groups can have a 
marked influence on the apparent efficacy 
of a treatment (Quitkin et al, 1993; Thase 
etal, 1997). 

Meta-analysis provides useful alter- 
native methods to compare active treat- 
ments. For example, meta-analyses 
comparing tricyclic antidepressants and 
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SSRIs found differences in subgroup com- 
parisons not apparent in qualitative reviews 
(Anderson & Tomenson, 1994; Edwards &C 
Anderson, 1999). However, because the 
statistical power of a conventional meta- 
analysis is determined by the number of 
studies included, a large number of com- 
parative trials must be available. For com- 
parisons between newer antidepressants, 
meeting this requirement is often difficult. 
A second type of meta-analysis, using the 
data of individual patients participating in 
a series of related clinical trials, permits 
powerful comparisons to be made with a 
much smaller number of studies. Such 
pooled analyses have been used to docu- 
ment the efficacy of monoamine oxidase 
inhibitors in the treatment of atypical 
depression (Quitkin et al, 1993), to exam- 
ine the association between fluoxetine and 
suicidality (Beasley et al, 1991), to examine 
the effects of venlafaxine treatment on 
blood pressure (Thase, 1998) and to 
compare psychotherapy and pharmaco- 
therapy (Thase et al, 1997; DeRubeis et al, 
1999). 



The clinical significance of the magni- 
tude of the differences between venlafaxine 

ventional antidepressant clinical trial, the 
size of the study groups is such that statisti- 
cally significant effects parallel relatively 
large differences in response rates (i.e. 20- 
25%) that are clearly clinically significant. 
An analysis of pooled data from an extre- 
mely large group of patients, by contrast, 
would have the statistical power to detect 
differences in remission rates so small that 
they would be considered trivial by most 
(i.e. 3-5%). The difference in remission 
rates observed in our pooled analysis is 
roughly halfway between these extremes. 
Given the high prevalence of depression 
and the staggering associated illness bur- 
den, a 10% advantage in remission rates 
could have substantial public health impli- 
cations, particularly if costs and tolerability 
are comparable. From another perspective, 
we observed that venlafaxine-treated pa- 
tients had a 50% greater chance of attain- 
ing remission than patients treated with 
an SSRI. In terms of the number of patients 



needed to treat to realise a difference, ten 
patients would need to be treated with ven- 
lafaxine in order to obtain one extra case of 
remission when compared with the SSRIs. 
When considered together, these various 
indicators point to a clinically meaningful 
difference. 



It is proposed that the greater efficacy of 
venlafaxine is the result of reuptake inhibi- 
tion of both serotonin and noradrenaline. 
Of course, reuptake inhibition is not essen- 
tia! to therapeutic action and it is possibic 
that medications that potently and selec- 
tively affect either serotonergic or nor- 
adrenergic neurotransmission may initiate 
cascades of intracellular events that ulti- 
mately modulate the same changes in gene 
activity (Duman et al, 1997). Nevertheless, 
several previous studies found clomi- 
pramine, another potent dual reuptake 
inhibitor, to have a significant advantage 
relative to SSRIs (see Anderson & 



ry of intent-to-treat remission rates of nine venlafaxine-SSRI comparative studies of non-psychotic depression not included in pooled analysis 



Study 




Duration 
(weeks) 


Treatment (n) 


Dosage (mg/day) 




ITT remission 
rate(%) 


Tylee etal, 1997 


PC 


12 


Venlafaxine IR (171) 


75 


MADRS SS6 


35 








Fluoxetine (170) 


20 




34 


McPartlin eta/, 1998 


PC 


12 


Venlafaxine XR (183) 


75 


HRSD sS6 


54 








Paroxetine (178) 


20 




52 


Diaz-Martinez etal, 1998 


OP 


8 


Venlafaxine IR (70) 


75-150 


CGI=I 


41 








Fluoxetine (75) 


20-40 




36 


Costa eSilva, 1998' 


OP 


8 


Venlafaxine IR (196) 


75-150 


CGI=I 


58 








Fluoxetine (186) 


20-40 




35 












HRSD SS7 


60 
60 


Poirier&Boyer, 1999 


OP/IP 




Venlafaxine IR (61) 


75-300 


HRSD < 10 


37 








Paroxetine (62) 


20-40 




18 


Alves for the Venlafaxine 


OP 


12 


Venlafaxine IR (40) 


75-150 


HRSD «8 


30 


Study Group (1999) 






Fluoxetine (47) 


20-40 




II 


Mehtonenet ol,200O 


OP 


8 


Venlafaxine IR (75) 


75-150 


HRSD < 10 


53 








Sertraline (72) 


50-100 




38 


Ballus etal, 2000 


OP 


12 


Venlafaxine IR (41) 


75-150 


HRSD <8 


59 








Paroxetine (43) 


20-40 




31 


Tzanakaki etal, 2000' 


IP/PHP 


6 


Venlafaxine IR (55) 


225 


HRSD <7 


41 








Fluoxetine IR (54) 


60 




36 












CGI=I 


51 














32 



in Rating Scale for Depression: IP, psychiatric in-patient; IR, in 



MADRS, Montgomery-Asberg Depression Rating Scale; OP, psychiatric out-patient; PC, primary ca 



; PHP, partial hospitalisation programme; XR, ex 
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Tomenson, 1994). It appears that relatively 
higher doses of venlafaxine may be neces- 
sary to achieve significant noradrenergic ef- 
fects, as inferred from in vitro (Muth et al, 
1986; Owens et al, 2000), animal (Redrobe 
et al, 1998) and human (Thase, 1998; 
Harvey et al, 2000) studies. Consistent with 
this, there is a clear dose-response relation- 
ship for venlafaxine (Rudolph et al, 19986) 
and patients who fail to benefit from 
75 mg/day often respond to higher doses 
(Dierick et al, 1996; Costa e Silva, 1998; 
Diaz-Martinez et al, 1998; Mehtonen et 
al, 2000). Therefore, it is likely that the 
difference in efficacy between venlafaxine 
and SSRIs is dose dependent. Unfortu- 
nately, the flexible dose schedules utilised 
in five of the studies included in our meta- 
analysis precluded a valid examination of 
dose-response relationships. Research 
using modern molecular biological techni- 
ques would help to confirm that the greater 
antidepressant efficacy of venlafaxine is 
directly linked to a dual reuptake-inhibitory 
mechanism of action. 



Review of other comparative 
studies 

The most important limitation of a pooled 
analysis is that the results can be biased 
by selection of a non-representative group 
of studies. Our data set included all eight 
comparative studies conducted by the 
Wyeth-Ayerst Clinical Research and Devel- 
opment department; no studies were ex- 
cluded. However, there are at least 12 
other studies comparing venlafaxine and 
SSRIs for treatment of non-psychotic de- 
pression. Among these, three recently com- 
pleted studies (double-blind, placebo- and 
fluoxetine-controlled trials in out-patients 
with melancholia, in-patients with mel- 
ancholia or elderly patients) could not be 
included because data analyses were not 
complete. The remaining nine published 
studies were not included because we did 
not have access to the original data sets 
(see Table 4). 

It is possible that the inclusion of these 
additional trials would have affected the 
findings of the current pooled analysis. 
We therefore conducted a qualitative re- 
view of the nine published studies. Two 
studies found no evidence of differences in 
response or remission rates (Tylee et al, 
1997; McPartlin et al, 1998). These studies 
were conducted in primary care clinics 
and compared the minimum therapeutic 
dosages of venlafaxine (75 mg/day) and 



fluoxetine (20 mg/day) (Tylee et al, 1997) 
or paroxetine (20 mg/day) (McPartlin et al, 
1998). 

Two studies reported non-significant 
differences (Diaz-Martinez et al, 1998; 
Alves et al, 1999). Diaz-Martinez et al 

(1998) reported that 41% of 70 patients 
treated with venlafaxine (75-150 mg/day) 
remitted during an open-label but random- 
ised 8-week trial, as compared with 36% 
of 75 patients treated with fluoxetine (20- 
40 mg/day). The difference was 30% (i.e. 
50% v. 20%) among those who received 
either 150 mg/day of venlafaxine («=18) 
or 40 mg/day of fluoxetine («=15). How- 
ever, this numerically large difference 
was not statistically significant (P=0.07) 
in such a small subsample. Alves et al 

(1999) found a 19% difference (30% v. 
11%) in remission rates favouring venla- 
faxine (75-150 mg/day) over fluoxetine 
(20-40 mg/day), which again was not 
statistically significant in a relatively small 
study («=87). 

Two studies reported inconsistent find- 
ings, with significant results favouring ven- 
lafaxine over fluoxetine using a global 
definition of remission but not according 
to the final HRSD score (see Table 4). 
Costa e Silva (1998) observed remission 
rates of 58% for venlafaxine (75-150 mg/ 
day) and 35% for fluoxetine (20-40 mg/ 
day) using a CGI numeric score of 1 to de- 
fine remission, although 60% of the patients 
in each group remitted when an HRSD 
score of <7 was the criterion. Tzanakaki 
et al (2000) similarly found that the groups 
were comparable using an HRSD criterion 
( < 7) but significantly different according 
to the CGI definition (see Table 4). 

The three remaining studies found sig- 
nificant differences favouring venlafaxine; 
these studies all utilised maximum doses of 
150 mg/day. Ballus et al (2000) observed 
remission rates of 59% for venlafaxine (75- 
150 mg/day) and 31% for paroxetine (20- 
40 mg/day). Mehtonen et al (2000), defin- 
ing remission as a score of < 10 on the 21- 
item version of the HRSD, reported rates 
of 68% for venlafaxine (75-150 mg/day) 
and 45% for sertraline (50-100 mg/day) 
among completers at week 8. Poirier 8c 
Boyer (1999) enrolled only patients who 
had failed to respond to at least two pre- 
vious trials of antidepressants. About 75% 
had not responded to a prior course of SSRI 
therapy. They found a 19% advantage 
(37% v. 18%) in remission rates in favour 
of venlafaxine (200-300 mg/day) relative 
to paroxetine (20-40 mg/day). 



Although these studies used various 
durations of treatment and definitions of 
remission, two conclusions are evident. 
First, there is no evidence that venlafaxine 
is more effective than the SSRIs at mini- 
mum therapeutic doses. Second, among 
the studies that permitted a venlafaxine 
dosage of > 150 mg/day, there was a 
14.4% average difference (range 5-23%) 
in remission rates favouring venlafaxine. It 
appears that the results of our pooled 
analysis would not have changed if we 
could have included these studies. 



Other limitations 

The generalisability of the results of a 
group of controlled clinical trials, like those 
of the individual studies, is limited by the 
exclusion of patients with more complex 
conditions, such as significant psychiatric 
and medical comorbidities. Although this 
lessens the relevance of these results to clin- 
ical practice, there is no reason to suspect 
that this exclusivity favours venlafaxine 
over the SSRIs. Other potential shortcom- 
ings of pooled analyses include problems 
with the reliability of dependent measures 
and the possibility that the results may be 
influenced by the data from one or two par- 
ticularly large studies. We found significant 
differences between SSRIs and placebo, 
however, which indicates that the 'assay 
sensitivity' (Leber, 1991) of the pooled ana- 
lysis was, at the least, sufficient to over- 
confirmed that the differences were not 
attributable to any particular study and 
extended across multiple definitions of 

Three more specific limitations can be 
considered. First, the SSRIs were lumped 
together as a class. Although there is no 
evidence that any SSRI is more effective 
than another, they are not truly inter- 
changeable and some patients respond 
poorly to one SSRI but well to another 
(Edwards & Anderson, 1999). In this 
respect, our pooled analysis included a dis- 
proportionate number of patients treated 
with fluoxetine. The studies listed in Table 
4 provide a broader range of comparisons 
and, in aggregate, yielded similar results. 
Nevertheless, among the 17 comparative 
studies included in the pooled analysis or 
summarised in Table 4, there is only one 
study each utilising fluvoxamine or sertra- 
line and, to date, there are no studies of 
citalopram. 



Second, all of the studies were short 
term. It is possible that a longer treatment 
period could have resulted in comparable 

Third, none of the studies used in the 
pooled analysis excluded patients who had 
failed to respond to other SSRIs. Because 
several SSRIs were already widely available 
when these studies were conducted, it is 
possible that the advantage observed for 
venlafaxine was delimited to a subgroup 
of patients who had previously failed trials 
of other SSRIs (see, for example, Poirier & 
Boyer, 1999). 
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CLINICAL IMPLICATIONS 

■ Patients treated with venlafaxine had a 10% greater chance of remission than those 
treated with SSRIs (45% v. 35%). 

■ Onset of remission occurred 1—2 weeks earlier for venlafaxine-treated patients. 

■ Doses of > 150 mg/day venlafaxine may be necessary to maximise the likelihood of 
remission. 

LIMITATIONS 

■ Results of meta-analysis may be affected by the quality of the individual studies. 

■ Generalisability is limited by the exclusivity of clinical trial enrolment. 

■ There is not a sufficient number of studies to compare venlafaxine with specific 
SSRIs other than fluoxetine. 
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Comparative Efficacy between Venlafaxine and SSRIs: 
A Pooled Analysis of Patients with Depression 

Stephen M. Stahl, Richard Entsuah, and Richard L. Rudolph 



Background: Serotonergic and adrenergic enhancement 
may be synergistic and more effective than serotonergic 
enhancement alone in treating depression. The dual sero- 
tonin-norepinephrine reuptake inhibitor (SNRI) venlafax- 
ine is a dual reuptake inhibitor that may therefore offer 
greater efficacy than selective serotonin reuptake inhibi- 
tors (SSRIs). 

Methods: Data from eight randomized, double-blind, 
controlled studies were pooled to compare efficacy in 
depressed patients receiving venlafaxine/venlafaxine ex- 
tended release (XR), SSRIs, or placebo for <8 weeks. The 
mean changes from baseline in the 21-item Hamilton 
Rating Scale for Depression (HAM-D 2I ), Montgomery- 
Asberg Depression Rating Scale (MADRS), and Clinical 
Global Impressions — Global Improvement (CGI-I) and 
CGI— Severity of Illness (CGI-S) item scores were com- 
pared, as were response rates derived from these scales. 
Results: Statistically significant differences in mean 
HAM-D 2 i score decrease between venlafaxine (14.5) and 
SSRIs (12.6) and between the active treatments and 
placebo (11.3) were observed. Venlafaxine significantly 
decreased the mean MADRS scores more than SSRIs (17.8 
vs. 15.9), and both treatments were significantly better 
than placebo (12.9). The same pattern of significance for 
CGI-I, HAM-D21, and MADRS response rates between 
venlafaxine (71%, 64%, and 67%, respectively), SSRIs 
(64%, 57%, and 59%, respectively), and placebo (50%, 
42%, and 41%, respectively) was observed. 
Conclusions: Venlafaxine was significantly more effective 
than SSRIs in improving depression, perhaps due to 
enhancing both serotonin and norepinephrine. Biol 
Psychiatry 2002;52:1166-1174 © 2002 Society of Bio- 
logical Psychiatry 

Key Words: Norepinephrine, serotonin, depression, effi- 
cacy, venlafaxine, selective serotonin reuptake inhibitors 
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Introduction 

Traditionally, all antidepressants are assumed to have 
A comparable efficacy in clinical trials of depressed 
patients (American Psychiatric Association 2000; Depres- 
sion Guideline Panel 1993). On the other hand, clinicians 
have recognized for decades that some patients respond 
better to one antidepressant than to another, and that 
combinations of drugs may be more effective than a single 
drug (Nelson et al 1991). This mismatch between clinical 
experience and clinical trials has been difficult to reconcile 
in part because clinical trials in the United States are often 
designed only to detect differences between an effective 
antidepressant and placebo, not to detect differences be- 
tween two antidepressants (Prien 1994). 

Recently, differences in antidepressant efficacy between 
two antidepressants have been demonstrated both prospec- 
tively, by increasing the power of the study with large 
sample sizes, and retrospectively, by pooling several 
studies in various meta-analyses (Anderson 1998, 2000; 
Anderson and Tomenson 1994; Ballus et al 2000; Costa e 
Silva 1998; Danish University Antidepressant Group 
1986, 1990; Leinonen et al 1999; Mehtonen et al 2000; 
Poirier and Boyer 1999; Roose et al 1994; Stahl 2000; 
Tzanakaki et al 2000). This has led to a debate about 
whether the differences in antidepressant efficacy shown 
between two antidepressants in a clinical trial are due to 
differences in the drugs' mechanisms of therapeutic ac- 
tion, pharmacogenetic differences between patients who 
respond to one drug versus another, or differences in 
clinical trial design, such as dose selection for the different 
drugs. Although there is no consistent evidence of differ- 
ences in efficacy between antidepressants with predomi- 
nantly noradrenergic versus serotonergic actions (Nelson 
1999), there is an emerging theme that agents with dual 
noradrenergic and serotonergic actions may be more 
efficacious than agents with selective serotonergic actions. 

Although no study claims superior efficacy of a selec- 
tive serotonin agent over a "dual-action" agent, numerous 
(Anderson 1998, 2000; Anderson and Tomenson, 1994; 
Thase et al 2001), but not all (Freemantle et al 2000), 
studies and meta-analyses show that "dual-action" tricy- 
clic antidepressants, mirtazapine, milnacipran, venlafax- 
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ine, and combinations of a serotonergic and noradrenergic 
agent have superior efficacy over single-action agents 
(Alves et al 1999; Ballus et al 2000; Costa e Silva 1998; 
Danish University Antidepressant Group 1986, 1990; 
Diaz-Martinez et al 1998; Leinonen et al 1999; Lopez-Ibor 
et al 1996; McPartlin et al 1998; Mehtonen et al 2000; 
Nelson et al 1991; Poirier and Boyer 1999; Roose et al 
1994; Steffens et al 1997; Tylee et al 1997; Tzanakaki et 
al 2000). To test the hypothesis that dual-action agents 
have antidepressant efficacy superior to single-action 
agents, we analyzed a large sample of patients derived 
from pooling several studies of venlafaxine versus one or 
another of three selective serotonin reuptake inhibitors 
(SSRIs): fluoxetine, paroxetine, or fluvoxamine. 

Methods and Materials 

This evaluation was performed using pooled original data from 
patients who participated in eight clinical studies that directly 
compared venlafaxine and SSRIs. These studies were sponsored 
by the Clinical Research and Development Department at Wyeth 
Research during the development of the immediate-release (IR) 
and extended-release (XR) formulations of venlafaxine. The 
studies were all randomized, double-blind comparisons of the 
efficacy of venlafaxine and SSRIs in patients with major depres- 
sion or major depressive disorder. Results from four of these 
studies have been published in their entirety (Clerc et al 1994; 
Dierick et al 1996; Rudolph and Feiger 1999; Silverstone et al 
1999). Results from the fifth and sixth studies have been 



presented as posters and were published in abstract form (Ru- 
dolph et al 1998; Salinas et al 1998). The data from the remaining 
two studies have not yet been published (Studies 347 and 349; 
data on file, Wyeth Research, Philadelphia, PA). The studies 
were all comparable active-controlled evaluations of venlafaxine 
(75-375 mg/day) or venlafaxine XR (75-225 mg/day) versus 
fluoxetine (20-80 mg/day), paroxetine (20-40 mg/day), or 
fluvoxamine (100-200 mg/day) and were conducted in the 
United States, Europe, or Canada. Four of the eight studies also 
included placebo controls (Rudolph et al 1998; Rudolph and 
Feiger 1999; Salinas et al 1998; Silverstone et al 1999). Seven of 
the studies were outpatient trials; the eighth study (Clerc et al 
1994) enrolled only inpatients. Each study was approved by the 
appropriate human ethics committees at the participating sites 
and was conducted according to the guidelines of the Declaration 
of Helsinki and its amendments. All patients provided explicit 
written informed consent. Table 1 summarizes the characteristics 
of each study included in the pooled analysis here. 

Because one of the most important limitations of a pooled 
analysis is that the results can be biased by selection of a 
nonrepresentative group of studies, our data set included all 
completed trials conducted by Wyeth Pharmaceuticals; however, 
there are at least 12 other studies comparing venlafaxine and 
SSRIs for treatment of nonpsychotic depression, including three 
in which data analyses are not complete and another nine 
published studies for which we did not have access to the original 
data sets. These nine studies have been discussed extensively in 
a prior publication (Thase et al 2001) and based on that analysis, 
it appears that the results of our pooled analysis would not have 
changed if we could have included these studies. 



Table 1. Overview of Sti 


idies Pooled for Meta-Analysis of Antidepressant Response 






Study/author 


Treatment groups 


Daily dosage (mean) 


Number of patients 
(ITT population) 


Duration (weeks) 


2 11 /Rudolph and 


Venlafaxine XR 


75-225 mg(175 mg) 


295 


8 


Feiger (1999) 












Fluoxetine 


20-60 mg (47 mg) 






340/Clerc et al (1994) 


Placebo 
Venlafaxine 


100-200 mg (199 mg) 


68 


6 




Fluoxetine 


20-40 mg (38 mg) 






347" 


Venlafaxine 


75-150 mg (129 mg) 


111 


6 




Fluvoxamine 


100-200 mg (164 mg) 






348/Dierick et al 


Venlafaxine 


75-150 mg(112mg) 


302 


8 


(1996) 












Fluoxetine 


20 mg (20 mg) 






349° 


Venlafaxine 


75-150 mg (90 mg) 


156 


8 




Paroxetine 


20-40 mg (24 mg) 






360/Silverstone et al 


Venlafaxine XR 


75-225 mg (141 mg) 


357 


12* 


(1999) 












Fluoxetine 


20-60 mg (40 mg) 








Placebo 








367/Salinas (1998) 


Venlafaxine XR 


75 mg (75 mg) 


324 


8 






150 mg (150 mg) 








Paroxetine 


20 mg (20 mg) 








Placebo 








372/Rudolph et al 


Venlafaxine 


75-375 mg (240 mg) 


459 


6 


(1998) 












Fluoxetine 


20-80 mg (54 mg) 








Placebo 









ITT, intent to treat; XR, extended release. 

"Unpublished data on file; Wyeth Research, Philadelphia, PA. 

'For pooling, only results through week 8 were used. 
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Subjects 

Patients could be enrolled in the studies if they were at least 18 
years old and met the criteria of the DSM-III-R (American 
Psychiatric Association 1987) or DSM-IV (American Psychiatric 
Association 1994) for major depression or major depressive 
disorder, respectively, for at least 1 month before enrollment. 
Eligible patients were adult inpatients (« = 68) or outpatients 
(n = 1977) who had minimum scores (depending on the study) 
of either 20 on the 21 -item Hamilton Rating Scale for Depression 
(HAM-D 21 ; Hamilton 1960) or 25 on the Montgomery-Asberg 
Depression Rating Scale (MADRS; Montgomery and Asberg 
1979) both prestudy and at baseline (study day -1), with no 
greater than a 20% decrease between the prestudy and baseline 
evaluation scores. 

Patients with clinically significant cardiovascular disease, 
renal or hepatic disorders, seizure disorders, or a recent history of 
alcohol or drug abuse were excluded from study participation. 
Clinically significant abnormalities on the baseline physical 
examination, electrocardiogram (ECG), or laboratory tests were 
also reasons for exclusion from study participation. Patients who 
had known hypersensitivity to the study drugs and those who had 
used investigational or antipsychotic drugs within 30 days, a 
monoamine oxidase inhibitor within 14 days, or other antide- 
pressant, anxiolytic, or sedative-hypnotic drugs within 7 days of 
the double-blind treatment period were also excluded. Patients 
who had taken any nonpsychopharmacologic drugs with psych- 
otropic effects within 7 days of the double-blind treatment period 
were excluded unless a stable dosage of the drug had been 
maintained for at least a month before study start. The use of 
chloral hydrate (up to 2000 mg) was permitted at bedtime as a 
hypnotic in seven of the studies; the eighth study (Study 347, 
data on file, Wyeth Research, Philadelphia, PA) permitted the 
use of 20 mg temazepam at bedtime. Table 2 summarizes the 
sociodemographic and pretreatment clinical characteristics of the 
pooled study groups. 

Study Drugs 

Patients were randomly assigned to treatment with venlafaxine or 
venlafaxine XR (n = 865), an SSRI (fluoxetine, n = 563; 
paroxetine, n = 160; or fluvoxamine, n = 34), or placebo (four 
studies only, n = 450) during the double-blind treatment period 
at the daily dosages shown in Table 1. In some studies, the 
double-blind treatment phase was preceded by a single-blind 
placebo lead-in period of 7 ± 3 days. 

Efficacy and Safety Assessments 

The primary outcome measures were the HAM-D 21 total score, 
the MADRS total score, and the Clinical Global Impressions 
Scale— Severity of Illness item (CGI-S; National Institute of 
Mental Health 1985) score. These were rated at baseline (study 
Day -1), before double-blind therapy, and along with the 
CGI— Global Improvement item (CGI-I) score on study days 7, 
14, 21, 28, 42, and, for the 8-week studies, 56. Secondary 
outcome measures were the scores on the HAM-D 21 depressed 
mood, agitation, anxiety-psychic, and anxiety-somatic items and 



Table 2. Baseline Characteristics of Intent-to-Treat Patient 



Population in the Pooled Studies 




Venlafaxine 


SSRIs 


Placebo 


Characteristic 


(» = 851) 


(« = 748) 


(« = 446) 


Mean age (years) 


42 


42 


41 


Women (%) 


65 


64 


62 


Men (%) 


35 


36 


38 


Mean HAM-D 21 total sco 


e 26 


26 


26 


Mean MADRS total score 


31 


31 


30 


CGI-S score >4 (%) 


53 


53 


36 



SSRIs, selective serotonin reuptake inhibitors; HAM-D 21 , 21-item Hamilton 
Rating Scale for Depression; MADRS, Montgomery-Asberg Depression Rating 
Scale; CGI-S, Clinical Global Impressions scale-Severity of Illness item. 



the HAM-D 21 anxiety/somatization, cognitive disturbance, and 
retardation factors. 

Safety and tolerability were evaluated based on reported 
adverse events throughout the study evaluation period and also 
on any changes that occurred in the physical examination, vital 
signs, 12-lead electrocardiogram recordings, and clinical labora- 
tory tests during treatment. For the purposes of this report, only 
the common adverse events and the proportions of patients 
withdrawn from double-blind therapy due to adverse reactions 
were compared. 

Statistical Analyses 

Analyses were performed on data from intent-to-treat (ITT) 
patients; this ITT population included all patients who began the 
double-blind treatment phase, received at least one dose of study 
medication, and had at least one HAM-D 21 evaluation during 
therapy or within 3 days of the last treatment day. The last- 
observation-carried-forward (LOCF) approach was used for 
missing observations and to include results from the 6-week 
studies in the week 8 efficacy assessment. Response was defined 
as a 50% or greater reduction from the baseline total scores for 
the HAM-D 2 j or MADRS totals. Patients who achieved a score 
of 1 or 2 on the CGI-I scale were considered responders as well. 

Analysis of variance was used to assess the comparability of 
the three treatment groups (venlafaxine, SSRIs, or placebo) with 
respect to age and baseline HAM-D 21 and MADRS total scores. 
Four separate analyses evaluating only HAM-D 21 total scores 
were completed to corroborate results from the overall pooled 
analysis. They included 1) venlafaxine versus fluoxetine (only 
one venlafaxine study had a placebo arm, so a placebo compar- 
ison was excluded in this analysis), 2) venlafaxine XR versus 
fluoxetine and placebo (the majority [5/8] of the studies used 
fluoxetine as the SSRI comparator), 3) only placebo-controlled 
studies, and 4) only nonplacebo-controlled studies. 

Baseline severity of depression was also assessed using the 
CGI-S. In addition, for both primary and secondary efficacy 
variables at each evaluation point, a two-way analysis of covari- 
ance of the mean change from baseline score was used, with 
baseline score as the covariate, and treatment and study type as 
factors. A multiple-comparisons technique, the protected Fisher 
F test, was applied at each evaluation point. Response rates were 
compared between treatment groups at each time point using 
Fisher's Exact Test. 
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All tests of hypotheses were two-sided. Results of statistical 
analyses were considered significant when p value was =s .05. 



Results 

In total, 2117 patients were enrolled in the 8 trials; 2045 
(97%) were included in the ITT analyses of the efficacy of 
venlafaxine and venlafaxine XR (n = 851), the SSRIs 
(« = 748), and placebo (n = 446). We excluded all data 
from 27 patients (at a single investigational site) before the 
analysis; the validity of the data could not be verified 
during the on-site monitoring review. Table 1 shows the 
average daily dose for each active treatment group in each 
of the eight trials. Within each trial, the average daily 
doses of the two active drugs were comparable based on a 
consideration of each drug's recommended dosage range. 

Approximately two thirds of the patients were women. 
Baseline depression scores (Table 2) were similar for the 
three treatment groups, except significantly fewer patients 
randomized to placebo had CGI-S scores > 4 at baseline 
(p < .001) when compared with subjects randomized to 
receive venlafaxine or the SSRIs (36%, 53%, and 53%, 
respectively). Within the placebo-controlled studies, how- 
ever, there were no differences between treatment groups 
in the baseline CGI-S scores. 

Efficacy 

HAM-D 2 , TOTAL. The adjusted mean changes from 
baseline scores at the final week (week 8) evaluation were 
-14.5, -12.6, and -11.3 for the respective groups (ven- 
lafaxine, SSRI, and placebo). Significant differences be- 
tween venlafaxine and the SSRIs became apparent as early 
as week 2 of the double-blind phase and lasted through 
week 8 (Figure 1). Venlafaxine (IR and XR) was statisti- 
cally significantly better than placebo at week 2 and all 
subsequent evaluation time points (Figure 1). The SSRIs 
were significantly superior to placebo at weeks 4 through 
8. At week 8, venlafaxine produced a significantly higher 
response rate (64%) than the SSRIs (57%) and placebo 
(42%); the difference between the SSRIs and placebo in 
response rate was also statistically significant. 

madrs total. Similar trends were observed in the 
MADRS total scores (Figure 2). Adjusted mean changes 
from baseline scores at the week 8 evaluation were -17.8, 
-15.9, and -12.9 for venlafaxine, the SSRIs, and placebo, 
respectively. A statistically significant advantage for ven- 
lafaxine versus the SSRIs was observed starting at week 4 
and continuing through week 8. Venlafaxine also had a 
statistically significant advantage over placebo from week 
2 through week 8. The SSRIs were statistically signifi- 
cantly superior to placebo at week 2 and at week 4 through 
week 8. At week 8, venlafaxine produced a statistically 




Baseline 1 2 3 4 6 8 

Duration of Therapy (week) 



Figure 1. Last-observation-carried-forward analysis of 21 -item 
Hamilton Rating Scale for Depression (HAM-D 21 ) changes from 
baseline over 8 weeks. a p < .001, venlafaxine versus placebo; b p 
< .05, venlafaxine versus selective serotonin reuptake inhibitors 
(SSRIs); °p < .001, venlafaxine versus SSRIs; A p < .05, SSRIs 
versus placebo. 

significantly higher response rate (67%) than the SSRIs 
(59%) or placebo (41%), and the SSRIs were significantly 
better than placebo. 

cgi-s. Statistically significant improvement was found 
for venlafaxine versus the SSRIs in the adjusted mean 
change from baseline scores on the CGI-S (Figure 3) 
beginning at week 2 and lasting throughout the 8-week 
evaluation period. Venlafaxine was also statistically sig- 
nificantly better than placebo from week 1 onward. The 




-20-1 1 , 1 1 1 r- 

Baseline 1 2 3 4 6 8 

Duration of Therapy (week) 



Figure 2. Last-observation-carried-forward analysis of Mont- 
gomery-Asberg Depression Rating Scale (MADRS) total 
changes from baseline over 8 weeks, *p < .001, venlafaxine 
versus placebo; b p < .05, selective serotonin reuptake inhibitors 
(SSRIs) versus placebo; °p < .05, venlafaxine versus placebo; 
d p < .05, venlafaxine versus SSRIs; c p < .001, SSRIs versus 
placebo. 
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Figure 3. Last-observation-carried-forward analysis of Clinical 
Global Impressions Scale — Severity of Illness (CGI-S) changes 
from baseline over 8 weeks. *p < .05, venlafaxine versus 
placebo, b p < .001, venlafaxine versus placebo, °p < .05, 
venlafaxine versus selective serotonin reuptake inhibitors 
(SSRIs), d p < .05, SSRI versus placebo, °p = .001, venlafaxine 
versus SSRIs. 

SSRIs had a statistically significant advantage over pla- 
cebo at week 2 and at weeks 4 through 8. 

CGI-I. At the week 8 evaluation, response rates were 
71%, 64%, and 50% for the groups receiving venlafaxine, 
SSRIs, and placebo, respectively. Venlafaxine was statis- 
tically significantly better than the SSRIs and placebo 
beginning at week 2 and continuing through week 8, 
except at week 3, when the venlafaxine-SSRI difference 
did not reach statistical significance. The SSRIs also had a 
statistically significant advantage over placebo, beginning 
at week 2 and continuing through week 8 (Figure 4). 

secondary outcome measures. Statistically sig- 
nificant between-group differences were found for most of 
the secondary outcome measures at the final evaluation. 
The mean changes from baseline scores for venlafaxine 
exceeded those of the SSRIs for all secondary outcome 
measures (see Efficacy and Safety Assessments for a list). 
Similarly, venlafaxine demonstrated greater efficacy than 
placebo on all the secondary outcome measures, and the 
SSRIs were better than placebo on most of these measures 
as well. 

Subset Analyses 

venlafaxine versus fluoxetine. An analysis of 
covariance restricted to studies comparing venlafaxine 
and fluoxetine (Table 1) indicated that, based on the 
HAM-D 21 total score (« = 659), venlafaxine was signif- 
icantly better than fluoxetine from week 3 through week 8 
(LOCF; Figure 5). There was a significant difference 
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Figure 4. Last-observation-carried-forward analysis of Clinical 
Global Impressions Scale — Global Improvement (CGI-I) re- 
sponse rate over 8 weeks. *p .001, venlafaxine versus placebo; 
b p < .05, venlafaxine versus selective serotonin reuptake inhib- 
itors (SSRIs); c p < .05, SSRIs versus placebo; d p < .001, SSRIs 
versus placebo. 



between venlafaxine and fluoxetine in the number of 
responders at week 8 (70% vs. 59%, respectively; 
p = .003). 

VENLAFAXINE XR VERSUS FLUOXETINE VERSUS 

placebo. An analysis of covariance restricted to studies 
comparing venlafaxine XR, fluoxetine, and placebo (Table 
1) indicated that, based on the HAM-D 2J total score 
(n = 648), venlafaxine XR was significantly better than 
placebo from week 2 through week 8. Fluoxetine showed 
similar trends over placebo, with the exception that the 
difference at week 3 was not statistically significant 
(LOCF; Figure 6). There was no significant difference 
between venlafaxine XR and fluoxetine in the number of 
responders at week 8, but the venlafaxine XR (59%)/ 
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Figure 5. Last-observation-carried-forward analysis of venlafax- 
ine (VEN) versus fluoxetine over 8 weeks. a p < .05, venlafaxine 
versus fluoxetine; b p < .01, venlafaxine versus fluoxetine; c p < 
.001, venlafaxine versus fluoxetine. HAM-D 21 , 21-item Hamil- 
ton Rating Scale for Depression. 
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Figure 6. Last-observation-carried-forward analysis of venlafax- 
ine extended release (VEN XR) versus fluoxetine versus placebo 
over 8 weeks, "p s .001, veniafaxine XR versus placebo; b p s 
.05, fluoxetine versus placebo; "p < .05, venlafaxine XR versus 
placebo. HAM-D 21 , 21-item Hamilton Rating Scale for Depres- 
sion. 



placebo (41%) and fluoxetine (54%)/placebo comparisons 
were significant (p < .001 and p = .007, respectively). 

placebo-controlled studies. An analysis of co- 
variance restricted to studies with a placebo arm (Table 1) 
indicated that, based on the HAM-D 21 total score 
(n = 1410), venlafaxine/venlafaxine XR was significantly 
better than the SSRIs and placebo from week 2 through 
week 8. The SSRIs were significantly better than placebo 
at week 4 through week 8 (LOCF; Figure 7). There was no 
significant difference between venlafaxine XR and fluox- 
etine in the number of responders at week 8, but the 
venlafaxine XR/placebo and fluoxetine/placebo compari- 
sons were significant (p <.001 and p = .007, respective- 

iy). 




Week 



Figure 7. Last-observation-carried-forward analysis of venlafax- 
ine and venlafaxine extended release (VEN/VEN XR) versus 
selective serotonin reuptake inhibitors (SSRIs) versus placebo 
(placebo-controlled) over 8 weeks. a p < .001, VEN/VEN XR 
versus placebo; b p < .05, SSRIs versus placebo; °p < .05, 
VEN/VEN XR versus placebo; d p < .001, VEN/VEN XR versus 
SSRIs. HAM-D 21 , 21-item Hamilton Rating Scale for Depres- 
sion. 




Figure 8. Last-observation-carried-forward analysis of venlafax- 
ine (VEN) versus selective serotonin reuptake inhibitors (SSRIs; 
nonplacebo-controlled) over 8 weeks. a p < .05, venlafaxine IR 
versus SSRIs; b p < .01, venlafaxine versus SSRIs. HAM-D 2 j, 
21-item Hamilton Rating Scale for Depression. 



NONPLACEBO-CONTROLLED STUDIES (ALL VEN- 
LAFAXINE studies). An analysis of covariance restricted 
to studies comparing venlafaxine and fluoxetine (Table 1) 
indicated that, based on the HAM-D 21 total score (w= 
635), venlafaxine was significantly better than fluoxetine 
from week 4 through week 8 (LOCF; Figure 8). There was 
no significant difference between venlafaxine and fluox- 
etine in the number of responders at week 8. 

Safety 

Table 3 shows the most commonly reported treatment- 
emergent adverse events for the pooled sample. The most 
commonly recorded adverse event for all treatment groups 
was nausea. 

Of the venlafaxine-treated patients, 9% discontinued 
treatment because of adverse reactions, compared with 7% 
of the SSRI-treated patients and 2% of the placebo-treated 
patients (Fisher's Exact Test; p = .001, venlafaxine vs. 
placebo and SSRI vs. placebo; venlafaxine vs. SSRI 
comparison was not significant,/? = .185). 



Table 3. Percentages of Treatment-Emergent Adverse Events 
Among All Patients (Pooled Studies, n = 2117) 





Venlafaxine 


SSRIs 


Placebo 


Study Event 


(n = 895) 


(« = 769) 


(« = 453) 


Nausea 


24 


18 


16 


Dizziness 


13 


7 


9 


Insomnia 


11 


10 


11 


Dry Mouth 


12 


8 


10 


Somnolence 


5 


7 


5 


Constipation 


9 


4 


9 


Sweating 


10 


8 


5 


Nervousness 


5 


5 


4 




4 


11 


1 


Pharyngitis 


5 


5 


10 



SSRIs, selective serotonin reuptake inhibitors. 
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Discussion 

Our analysis of a large pooled sample of depressed 
patients treated with venlafaxine, an SSRI, or placebo 
showed that the "dual-action" serotonergic-noradrenergic 
agent venlafaxine had greater efficacy than the "single- 
action" SSRIs. This finding stands in contrast to the 
widely held assumption that all antidepressants are equally 
effective. The randomized clinical trials that have sup- 
ported this assumption have not been adequately powered 
to detect differences between two antidepressants, how- 
ever, because these differences would be smaller than 
those generally observed between an antidepressant and 
placebo. For instance, when presented individually, each 
of the eight studies pooled here had less than 40% power 
to detect a difference between an SSRI and venlafaxine; 
some had as little as 7% power. Thus, it is not surprising 
that studies with sample sizes of less than 300 patients per 
treatment group (the size necessary for 80% power to 
detect the differences observed here) have failed to detect 
differences between dual-action versus single-action anti- 
depressants. 

In this pooled analysis, the differences between ven- 
lafaxine and the SSRIs were observed as early as week 2. 
At the final week of assessment (week 8), venlafaxine 
produced significantly greater improvement than did the 
SSRIs on the adjusted mean change from baseline score on 
each of the primary outcome measures, which included the 
HAM-D 2I total score, the MADRS total score, and the 
CGI-S score. Similarly, CGI-I response rates favored 
venlafaxine over the SSRIs beginning at week 2 and 
persisting through week 8. The differences in response 
rates between venlafaxine (71%) and the SSRIs (64%) at 
week 8 were found to be statistically significant. The 
power to detect this effect size was 80%. 

Results from the additional selective analyses including 
smaller-sized groups were consistent with the trends 
shown in the overall pooled analysis with one exception. 
The venlafaxine XR versus fluoxetine versus placebo 
comparison revealed no appreciable differences between 
venlafaxine XR and fluoxetine at any observation point, 
but significant differences were observed between ven- 
lafaxine and fluoxetine beginning at week 3. This outcome 
is in line with the failure by Freemantle and colleagues 
(Freemantle et al 2000) to detect significant differences in 
their meta-regression analysis of SSRIs and alternative 
antidepressants using a sample size of 105, compared with 
Thase et al (2001), who determined in a meta-analysis a 
significant difference between venlafaxine and SSRIs 
based on a sample size of 2045. 

There are a number of limitations of the use of data 
obtained from this pooled analysis, including combining 
studies of different dosing schedules, especially relevant 



for venlafaxine because its dual action appears to be dose 
dependent. Another limitation is the drawing of broad 
conclusions about SSRIs when most of the studies used 
the same SSRI. These limitations have been discussed at 
length in a recent publication based on these same pooled 
data, which found higher remission rates for venlafaxine 
over the SSRIs (Thase et al 2001). 

Our findings showing higher response rates and greater 
changes in clinical ratings of depression for venlafaxine in 
comparison to SSRIs on the HAM-D 21 , MADRS, and CGI 
extend the findings of Thase et al; however, because of the 
short-term nature of the studies included in this analysis, it 
is unclear whether SSRIs may exhibit comparable efficacy 
to venlafaxine when treatment exceeds 8 weeks or whether 
venlafaxine will maintain its therapeutic advantage over 
SSRIs during continuation-phase treatment. Nonetheless, 
our data at least suggest that venlafaxine has a faster onset 
of action compared with SSRIs. 

Our findings are also consistent with several but not all 
reports and meta-analyses showing superior efficacy for a 
number of dual-action agents, including tricyclic antide- 
pressants, mirtazapine, milnacipran, and the combination 
of a serotonergic and a noradrenergic agent (Alves et al 
1999; Anderson and Tomenson 1994; Ballus et al 2000; 
Costa e Silva 1998; Danish University Antidepressant 
Group 1986, 1990; Diaz-Martinez et al 1998; Leinonen et 
al 1999; Lopez-Ibor et al 1996; McPartlin et al 1998; 
Mehtonen et al 2000; Nelson et al 1991; Poirier and Boyer 
1999; Roose et al 1994; Steffens et al 1997; Tylee et al 
1997; Tzanakaki et al 2000). Although venlafaxine is 
classified as a dual-action agent in the data reported in 
these studies as well as those presented here, it should be 
pointed out that an analysis of platelet serotonin reuptake 
and pressor response to tyramine using venlafaxine indi- 
cated that this dual-action agent inhibited serotonin re- 
uptake at low doses and inhibited both serotonin and 
norepinephrine reuptake at high doses (i.e., pressor re- 
sponse to tyramine was appreciably blunted at high doses 
and not at 75 mg/day; Harvey et al 2000). Ultimately, 
therefore, the possibility that dual-action agents have 
greater antidepressant efficacy than single-action agents 
will need to be explored in large prospective trials and at 
various doses. In selecting an antidepressant for an indi- 
vidual patient, one must also bear in mind not only the 
efficacy of the various treatment options available, but 
also the clinical relevance of adverse event and safety 
profiles, drug interactions, emerging pharmacogenomic 
factors, and factors related to subpopulations of depres- 
sion. 
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